photographic recorder after careful auscultation. The tracings permitted comparisons of the relative amplitudes of systolic murmurs in any given patient (Table I , Fig. 1 and 2). In order to validate,such comparisons, use was made of either a single microphone or of paired microphones calibrated to respond identically in both frequency and intensity. Graphic records were taken at the cardiac apex, lower left sternal edge, second interspaces to left and right of the sternum, and at appropriate murmur sites in the right anterior chest, axillm, and back ( Fig. 1 and 2 ). Pre-and post-operative phonocardiograms were obtained in the two surgical patients (operated upon by Dr Charles A. Hufnagel). Diagnoses of atrial septal defects (Case 5, ostium primum) were confirmed by cardiac catheterization in six patients (Table II) and at open operation in two (one of whom was catheterized elsewhere). In the five subjects studied in our laboratory, coexisting pulmonary branch stenosis was deliberately sought by, (1) careful continuous withdrawal of the catheter tip from the peripheral branches of both right and left pulmonary arteries into the right ventricle, (2) inspection of the contour of the pressure pulse recorded from the main pulmonary artery (Agustsson et al., 1962) , and (3) selective pulmonary angiocardiography (Arvidsson, Karnell, and Moller, 1955) . The catheter crossed an atrial septal defect in each of the five patients. Localization of the shunt was confirmed by appropriate intracardiac injection of indocyanine green dye. Determinations of the grade of the shunts were based upon the radioactivity in pulmonary and systemic arterial blood following inhalation of krypton 85. Pulmonary circulation times were estimated by comparing the systemic appearance times of indicator injected into the main pulmonary artery and left atrium.
In addition to the foregoing six subjects, one further patient (Case 7)-a 6-year-old boy with ventricular septal defect-was included to permit points of comparison with Cases 1-6. This boy had clinical signs of ventricular septal defect with pulmonary hypertension and persistent left-to-right shunt. Coexisting pulmonary branch stenosis was considered because of high frequency continuous murmurs most evident in the right anterior chest and in both axill:e (Table I, Fig. 3 ). The final diagnosis of isolated pulmonary hypertensive ventricular septal defect was based upon cardiac catheterization, selective pulmonary angiocardiography, and upon operation (Dr Charles A. Hufnagel).
RESULTS
Clinical and phonocardiographic information is summarized in Table I . Attention is called to the disappearance of the "peripheral pulmonary artery" murmurs in the three patients who were operated on. The physiological information is summarized in Table II . Coexisting pulmonary branch stenosis could not be confirmed in any of the cases by either hsemodynamic or angiocardiographic data.
DISCUSSION
Systolic murmurs associated with uncomplicated atrial septal defect were mentioned in early accounts of this malformation (Bedford, Papp, and Parkinson, 1941) . Origin ofthe murmur at the pulmonary orifice and not at the septal defect was shown experimentally by Rushmer (1961) (1957) . The characteristic bruit is maximal in the because of direct tissue transmission from the pulvicinity of the second left interspace and is as a rule monary orifice. The idea that murmurs can be grade 2 or 3 (of 6) (Leatham and Gray, 1956) . In generated by rapid flow through non-stenosed the majority of published descriptions little or no arteries is not new and has an analogy, for example, comment has been made on the location of murmur in the collateral vessel bruits of coarctation of the at sites removed from the neighbourhood of the aorta (Spencer et al., 1958) . The six atrial septal pulmonary area (Wagner and Graham, 1957 ; defect patients that constitute this report had widely Kjellberg et al., 1959; Keith, Rowe, and Vlad, 1958 ; distributed thoracic murmurs which were believed Levine and Harvey, 1959; Nadas, 1963; Wood, Ongley et al., 1960) . Indeed, poor trans-dium. There are a number of points relevant to mission has at times been emphasized (Nadas, 1963) . the argument that such murmurs exist.
(1) AlOn the other hand, Leatham and Gray (1956) though wide radiation is a recognized feature of a described radiation to the apex, and McKusick variety of loud cardiac bruits, the pniecordial mur-(1958) reported transmission to the interscapular murs in our cases were of relatively low amplitude area of the back. Until now, however, considera-(grade 2 to 3 of 6) and hence of intensities insufficition has not been given to the notion that in patients ent to offer an acceptable explanation for such wide with atrial septal defect systolic murmurs may occur distribution on the basis of transmission alone at non-praecordial sites because of the origin of ( Fig. 1 and 2 (Perloff, 1964) , idiopathic dilatation of the pulmonary artery (Perloff, 1964) , the innocent murmur of childhood (Perloff, 1964) (McDonald, Emanuel, and Towers, 1959) . The intensity of a murmur increases as the fourth power of the velocity of the stream (Bruns, 1959) . In atrial septal defect there is not only an increase in the volume of flow through the lungs, but-more pertinent-an increase in the rate of flow through the pulmonary bed (McDonald et al., 1959) . Our patients all had large shunts together with rapid pulmonary circulation times (Table II) . It follows that peripheral murmurs are more likely to occur when these two heemodynamic conditions are fulfilled and are not likely to occur in patients with small shunts and normal rates of pulmonary blood flow. Although a gracile body build might improve perception of peripheral pulmonary murmurs, our observations suggest that detection does not depend upon either age or body build.
Catheterize'd elsewhere------------------------------
In left-to-right shunts at either aortopulmonary or interventricular level, peripheral systolic murmurs, if present, are apt to be overshadowed by transmission of the loud prxcordial bruits. Furthermore, flow rates through the lungs are judged to be less rapid than in subjects with atrial septal defects (McDonald et al., 1959) . Despite these points, Case 7 appeared to be an exceptional example of a continuous peripheral pulmonary artery murmur that not only occurred in the context of ventricular septal defect but also in the presence of raised pulmonary vascular resistance and moderate left-to-right shunt (Table II, Fig. 3 ). Disappearance of a continuous murmur over a stenotic right pulmonary artery has been observed following operative closure of a ventricular septal defect (Franch and Gay, 1963) . However, hemodynamic and angiocardiographic data in Case 7 did not detect branch stenosis, and the murmur vanished after abolition of the shunt by operation.
The observations in this report indicate that peripheral pulmonary artery murmurs can be heard in subjects with large shunt atrial septal defects and hyperkinetic pulmonary flow. Although these murmurs may be difficult to distinguish from coexisting pulmonary branch stenosis, it is clear that they may occur in the presence of uncomplicated left-to-right shunts at atrial level. The incidence with which peripheral flow murmurs occur awaits prospective information based upon careful routine thoracic auscultation at non-pracordial sites.
SUMMARY Left-to-right shunts at atrial level are typically associated with intracardiac systolic murmurs that originate at the pulmonary orifice. The notion that additional systolic murmurs may originate in the peripheral pulmonary arteries of subjects with uncomplicated atrial septal defects has not been hitherto entertained. The purpose of this report is to call attention to "peripheral pulmonary artery murmurs" in six patients in whom left-to-right interatrial shunts were the sole hemodynamic faults. A number of points support the argument that such murmurs exist: (1) the praecordial bruits were of insufficient intensity to justify distributions to right chest, axille, and back on the basis of transmission alone; (2) in the majority of instances, transmission appeared to be an unlikely mechanism, because the peripheral murmurs occurred with little or no attenuation when compared to precordial amplitudes; (3) systolic murmurs resembling atrial septal defect bruits, both in location and intensity, typically occurred without thoracic radiation; (4) the onset of the peripheral murmurs tended to follow the onset of the prxcordial murmurs at slight but discrete intervals, a temporal sequence in accord with peripheral origin; (5) operation resulted in obliteration of the peripheral murmurs despite retention of soft pracordial bruits.
The occurrence of peripheral pulmonary artery murmurs in uncomplicated atrial septal defects is understandable in view of the increased velocity of pulmonary blood flow characteristic of this malformation. In subjects with left-to-right shunts at either aortopulmonary or interventricular levels, flow rates through the lungs are judged to be less rapid than flow rates with interatrial shunts, but should peripheral systolic murmurs nevertheless occur, they are apt to be overshadowed by transmission of the loud prxcordial bruits. In patients with atrial septal defects, it may be difficult to distinguish peripheral murmurs due to flow alone from those due to coexisting pulmonary branch stenosis. However, the observations herein described support the idea that peripheral pulmonary artery murmurs can occur in uncomplicated large shunt atrial septal defects with hyperkinetic pulmonary flow. In addition, the observations also serve to re-emphasize the importance of careful thoracic auscultation at non-precordial sites. ADDENDUM Since the manuscript was submitted, one additional patient has been studied: a 3-year-old boy, with an isolated large shunt atrial septal defect (pulmonary to systemic flow ratio 2j to 1), rapid pulmonary circulation time, and systolic murmurs in axills and back. 
